Background and Aims: Although increasing evidence suggests a role for fungi in inflammatory bowel disease [IBD], data are scarce and mostly from adults. Our aim was to define the characteristics of fungal microbiota in newly diagnosed treatment-naïve children with Crohn's disease [CD]. Methods: The children referred for colonoscopy were prospectively enrolled in the study at King Khalid University Hospital, King Saud University, and Al Mofarreh Polyclinics in Riyadh. Tissue and stool samples were collected and frozen till sequencing analysis. The children with confirmed CD diagnosis were designated as cases and the others as non-IBD controls; 78 samples were collected from 35 children [15 CD and 20 controls]. Statistical analysis was performed to investigate CD associations and diversity. Results: CD-associated fungi varied with the level of phylogenetic tree. There was no significant difference in abundance between normal and inflamed mucosa. Significantly abundant CD-associated taxa included Psathyrellaceae There was no significant difference in fungal diversity between CD and controls. Conclusions: We report highly significant fungal dysbiosis in newly diagnosed treatment-naïve CD children. Depleted and more abundant taxa suggest anti-inflammatory and pro-inflamatory potentials, respectively. Further studies with larger sample size and including functional analysis are needed to clarify the significance of the fungal community in the pathogenesis of CD.
Introduction
Microbial communities of the human gastrointestinal tract include varying proportions of bacteria, fungi, and viruses. 1 Whereas increasing evidence suggests a major role for bacteria in triggering inflammation in inflammatory bowel disease [IBD] , [1] [2] [3] [4] [5] other components of gut microbiota may also have relevance. 6, 7 In addition to bacteria and viruses, fungi form an important part of gut microflora and diversity that are inversely related to bacterial diversity. 8, 9 Although the role of fungi in gut inflammation in general and IBD in particular has been suggested, data are still limited. [10] [11] [12] Fungal community disturbance is recognised in patients with Crohn's disease [CD] , but most of the reports are based on samples obtained from adults, at the time of surgery or from patients on therapy. 13, 14 The scarcity of data on fungal microbiota in IBD and in particular the paediatric age group prompted this study to define the characteristics of fungal microbiota in newly diagnosed, treatment-naïve children with CD.
Patients and Methods

The study population
The study sample included all Saudi Arab children with confirmed diagnosis of Crohn's disease according to standard clinical-pathological criteria. 15 The children were enrolled prospectively at the time of their diagnostic colonoscopy at King Khalid University Hospital, King Saud University [a free-access primary and tertiary care hospital] and at Al Mofarreh Polyclinic [a private gastroenterology institution]. Data collected at the time of evaluation included demographic information, socioeconomic family status, nutritional history, drug history, history of the present illness, past medical and surgical history including any medications, physical examination findings, laboratory findings, and imaging, endoscopic and histopathological findings.
The children were subsequently classified as having CD or representing non-IBD controls. Controls included all patients with no evidence of IBD or other causes of inflammation. The final diagnoses in control subjects were juvenile polyps, irritable bowel syndrome, or other functional gastrointestinal disorders. Except for one CD patient, there was no history of antibiotic or probiotic intake within at least 6 months before appearance of symptoms.
Sample collection and processing
At the time of endoscopy, tissue research samples were collected from different parts of the gut inflamed and non-inflamed [normal] sites as defined by endoscopic appearance and histopathology. The stool samples were collected 1 day before bowel preparation or from the first stool during preparation. All samples were placed in cryovials, immediately placed in ice, and transported to the laboratory where they were stored at −80°C. All samples were shipped in dry ice to the USA for pyrosequencing [ 
Statistical analysis
All the analyses were run using Python and R software 22 and the microbial community diversities were calculated by R package phyloseq. 23 For comparative studies, it has been shown that log-transform improves the statistical test power. 24 Accordingly the means expressed in the tables are actually exponentials of the mean log abundances. Moreover, removing rare taxa can reduce the number of tests, and increase the ability to detect associations. Therefore, taxa whose maximal abundance in a sample is less than 1%, or which are absent from more than 50% samples, were removed. A set of R functions were defined for comparative studies. Those functions are mainly used to detect the taxa whose abundances are significantly different between two given categories of samples. Statistical significance was assessed via a permutation test [exact Fisher's test], followed by correction for multiple hypothesis testing. Specifically, the permutation test yielded raw, uncorrected p-values, which were transformed into q-values [corrected p-value] that measures the probability of false discovery, following the Benjamini-Hochberg procedure. Therefore, we consider associations statistically significant only when the corrected p-values are less than 0.05. However, because some negative results [i.e. lacking statistical significance] are used in the literature and may be important, uncorrected p-values < 0.05 will be presented.
The protocol of this study was approved by the Institutional Board Review of the College of Medicine, King Saud University in Riyadh, Kingdom of Saudi Arabia [No: 10/2647/IRB]. Signed ethical consent was obtained from the guardians and/or patients participating in the study.
Results
All children were Saudi Arab nationals. Demographic and clinical characteristics are shown in Table 1 
Association analysis
Comparison of fungal abundance between normal and inflamed mucosa in CD children is shown in Table 2 , displaying the top three species with the most differing abundances between normal and inflamed mucosa. All three species have both uncorrected and corrected p-values > 0.05. Given this lack of difference, all CD mucosa samples [normal and inflamed] were included in the analysis that follows. 
Diversity analysis
Alpha diversity, a measure of genera richness [number of genera], was evaluated by the Shannon index. The results presented in Table 5 indicate no significant difference in diversity between normal and inflamed mucosa, CD mucosa and controls, or CD stools and controls [p > 0.05]. Site-by-site alpha diversity analysis shows a peculiar variation with highest diversity in the caecum [ Supplementary  Figure 2 
Discussion
Gut microbiota is dominated by bacteria [99.1%] and fungal communities account for about 0.02%. 25, 26 Despite the small population, the role of fungi in the pathogenesis of IBD has been suggested based on animal and human studies. In animal models of colitis, treatment with antifungal drugs may reduce the inflammation. 27 Pattern recognition receptors in the innate immune system cells include dectin-1, dectin-2, DC-SIGN, mannose receptor, and mannose receptor lecithin. 28 It has been shown that mice lacking dectin-1 had increased susceptibility to experimental colitis. 29 Finally, anti-Sacharomyces cervicea antibodies [ASCA] are well-known markers for CD, suggesting an immunological role for this fungus in the pathogenesis of CD. 30 Because of the possible effects of genetics and dietary lifestyle on gut microbiota, it is important to study and compare data from other populations. In addition the study of IBD in children, especially in developing countries where the disease is newly recognised and increasing, might identify triggering or causal factors. The Kingdom of Saudi Arabia is a developing country 'in transition', where the incidence of IBD is increasing. 31 To our knowledge, this is the first report on intestinal fungal microbiota in newly diagnosed, treatment-naïve CD in children in a non-Western population. The demographic profile of CD children shown in Table 1 is similar to that of controls and the clinical profile of CD is similar to previous descriptions in the same population. 32 
Mucosal fungal association
In view of the patchy pattern of CD lesions, samples from normal and inflamed mucosa were obtained. Although certain species were less abundant in CD inflamed mucosa, the difference was not statistically significant [p-value > 0.05]. These findings contrast with a report from China indicating increased richness and diversity of certain fungal species in inflamed mucosa. 33 However, that study was based on surgical ileal samples from adult patients with active CD, who were not newly diagnosed or treatment-naive. Therefore comparison with our findings is difficult.
In this study, we demonstrate that CD associations vary according to the phylogenetic level [from phyla to species]. At the phylum level, although the difference was not statistically significant, Basidiomycota were more abundant and Ascomycota were less abundant in CD children, findings consistent with a smaller study in children reported by Mukhopadhya et al. 34 Comparison at other levels demonstrates clear differences between CD and controls. To the best our knowledge, such associations have not been reported in the literature which is mostly from adults or treated patients.
Faecal fungal association
As with mucosal fungal studies, the significance of fungal CD associations depends on phylogenetic level. 35 This class of fungi, to which S. cerevisiae belongs, has attracted special interest. The presence of ASCA antibodies in many patients with active CD, 30 the increased expression of IL10 in the colon of mice receiving S. cerevisiae, 36 and the report of increased production of IL-10 by murine dendritic cells stimulated byan S. cerevisiae strain, 35 suggest an anti-inflammatory potential of this fungus. Finally, it is interesting to note that in both mucosa and stools [ Figure 2 ], all taxa that are significantly more abundant in CD belong to Basidiomycota and all taxa depleted in CD belong to Ascomycota. The significance of this observation is not clear at present.
Mucosa
Stool
Description of highly significant fungal taxa association with CD in newly diagnosed and treatment-naïve patients excludes the effect of chronicity and therapies on fungal population in our patients. Therefore, it may be hypothesised that depleted taxa suggest a pro-inflammatory potential, and more abundant taxa an anti-inflammatory potential. However, as in the case of bacterial dysbiosis, it is still not clear whether this fungal dysbiosis is the cause or the result of inflammation.
Diversity analysis
In this study, there was no significant difference in alpha diversity between normal and inflamed CD mucosa, a finding in contrast with the literature from adults. 33 However as pointed out earlier, the two studies are not comparable. In addition, the lack of significant difference in diversity between CD and controls contrasts with other reports. In a study of paediatric patients with IBD, 36 and another from adults, 35 diversity was reported to be decreased; whereas another study from adults reported increased diversity. 37 However, these reports are either not newly diagnosed or treatment naïve or are from adults, and therefore not comparable with the present study.
The reduction of fungal diversity in CD stool in comparison with CD mucosa demonstrates the disturbance of the fungal community in CD children, and the finding of highest caecal diversity in a siteby-site analysis suggests an important role of the caecum in stabilising fungal community.
In conclusion, this is the first report describing fungal dysbiosis in newly diagnosed, treatment-naïve children with Crohn's disease. In this Middle Eastern population, we report statistically significant CD-associated taxa that were increased in mucosa and stools [all belong to the Basidiomycota phylum] whereas others [all belonging to the Ascomycota phylum] were depleted. Further studies with larger sample size and functional analysis are needed to clarify the role of fungal dysbiosis in the pathogenesis of Crohn's disease. 
